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1. Introduction 


Large regions of different ecosystems around the world (forests, grasslands, wetlands, farmlands, 
water bodies) are being managed for different uses, usually implicating the substitution of one 
ecosystem type for another. This process, known as land use change, is driven by the need to 
provide food, fiber, water, and shelter to more than seven billion people. Land use change has 
therefore moved from being a local environmental issue to becoming one of the most important 
causes of global change [1]. However, such changes in how humans use the land have caused 
global croplands, pastures, plantations, and urban areas to expand their surfaces in recent 
decades. In other words, humans are using an increasing share of the planet surface and its 
resources, accompanied by large increases in energy, water, and fertilizer consumption, along 
with considerable losses of biodiversity. As a consequence, ecosystems’ structures and functions 
are being increasingly altered, potentially undermining the capacity of ecosystems to sustain food 
production, maintain freshwater, regulate climate and air quality, ameliorate infectious diseases, 
and provide a large list of ecosystem services, usually as ignored as important they are [1]. 


We therefore face the challenge on how to maintain ecosystem services provided by tropical 
forests, while at the same time tropical regions experience important land use changes. The 
challenge is made even more complex by the difficulty of providing rules of thumb that can be 
easily applied across many different types of tropical forests. Differences between regions in 
forestry and agricultural management, good consumption, trade, culture and of course in 
ecological structure and function make generalization almost impossible. 


Globally, forest cover has been reduced by 7-11 million km? over the last 300 years, mainly to 
make room for agriculture and timber extraction [2, 3]. On the other hand, the increase in 
technification and market development has led to the expansion of intensively planted forests, 
first in North America and Europe, but increasingly in South America, Africa, and the Asia- 
Pacific region, covering now 1.9 million km? worldwide [4]. Although impressive, only the 3% 
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of the world forest land is covered with productive forest plantations. However, this area 
expanded by 2 million ha annually in the 1990s and by 2.8 million ha in the 2000s [5]. 


All forest regions (tropical, subtropical, temperate, sub-boreal, and boreal) are being affected 
by land use change processes. In particular, tropical forests have suffered from the biggest 
changes (both positive and negative) of all the forest types although the loss rate is still 3.6 
times bigger than the rate of surface gain [6]. These authors estimated that losses in tropical 
forests area accounted for 32% of total forest loss in the world, with half of those losses being 
concentrated in South American tropical forests. However, there are big differences among 
tropical countries in rates of loss and gain of forest area. For example, Brazil has recently 
shown a decline in annual forest area loss, moving from a high of over 40,000 km? year! in 
2004 to a low of under 20,000 km? year | in 2011. On the other side, for the same period 
Indonesia has gone from losing 10,000 km? year" in 2003 to over 20,000 km? year" in 2012. 
In addition, subtropical forests are experiencing important land use change, with many 
planted forests being usually treated as crops, causing that old-growth natural forests to be 
relatively rare in these biomes [7]. As a result, although the absolute losses in surface are not as 
big as in the tropics, subtropical forests have experienced the largest relative changes in forest 
cover losses and the smallest relative gains [6]. 


Tropical forests have been extensively disturbed by human beings since long time, and the 
intensity and extent of disturbance will continue into the future [8]. Land use change in the 
tropics is caused mainly for agricultural use [9]. Land use change will affect ecosystem services, 
and climate change makes this a more complicated but emergent problem for human beings [10]. 
Many land use practices still widely extended in tropical forests (e.g., fuel-wood collection, forest 
grazing, and road expansion) can degrade forest ecosystem conditions—in terms of productivity, 
biomass, stand structure, and species composition—even without changing forest area. Chang- 
ing the way the land is used also paves the way for the introduction of invasive species, including 
pests and pathogens that can degrade the original forests. Another major change is the alteration 
of fire regimes, by modifying fuel loads, removing coarse woody debris, increasing the number 
and frequency of ignition sources, and even modifying the local meteorological conditions [11]. 
On the other hand, human activity can also improve forest conditions, either by direct forest 
management or by unintended effects of other processes, such as increased nitrogen deposition, 
atmospheric concentrations of CO, and peatland drainage. Such processes have caused the 
increase in standing biomass of European forests by 40% between 1950 and 1990, while their 
area remained largely unchanged, accelerating forest growth in the twentieth century [12]. These 
forests have become a substantial sink of atmospheric carbon [13], although other ecosystem 
services including those provided by peatlands and biodiversity are likely diminished. 


2. Land use change and biodiversity 


All kinds of ecosystem services rely on the interplay of the organisms and the abiotic environ- 
mental factors of the ecosystems. Therefore, biodiversity of an ecosystem is the key property 
behind ecosystem services. Globally, the biodiversity is decreasing mainly due to the anthro- 
pogenic interferences [14]. Land use change has its first and direct impact on the land surface 
with the modification or removal of current organisms and thus will change the biodiversity to 
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some extent. In the recent analysis of the intactness of biodiversity, as defined as the proportion 
of natural biodiversity remaining in local ecosystems, Newbold et al. [15] indicated that the 
58% of the planet’s terrestrial ecological boundaries have been crossed. The main cause of this 
problem is the extensive land use changes that have disconnected natural ecosystems and 
rounded them up with human-made landscapes. 


Land use change from forests worldwide has made ecosystem fragmentation a serious prob- 
lem. Currently, 70% of the forest cover on Earth is within 1 km from the edge of the forests [16], 
indicating the loss of connectivity and the vulnerability to further disturbances. In a detailed 
modeling [17], the spatial patterns of fragmentation in Brazil were shown to have a strong 
effect on the final extent of influences on ecosystem services like biodiversity. For example, the 
farmland expansion on the forest edge would have much less impact on biodiversity and 
carbon storage compared to the farmland increase in the center of a forest. In the case of bird 
species richness, the fragmentation regime of forests plays a key role. Bregman et al. [18] 
analyzed the sensitivity to fragmentation of different bird species worldwide and found that 
the insectivores and large frugivorous are more negatively affected in larger forest fragmenta- 
tions. This pattern is especially significant in the tropical area. 


Barnes et al. [19] demonstrated a 45% reduction in soil invertebrate biodiversity after the 
conversion of tropical rainforests to oil palm plantations. They further calculated the change 
in ecosystem energy flux due to this land use change and found a surprisingly lower energy 
flux in oil palm plantations (51%) relative to what happens in the rainforest. Changes in 
biodiversity at the functional group level were also evident in a case study in Malaysian 
Borneo [20]. When comparing the community composition of dung beetles along a land use 
change gradient from primary forest to logged forest and oil palm plantation, the composition 
did change substantially. However, significant reduction in functional diversity only happened 
in the oil palm plantation. 


Land use change modifies not just the biodiversity of higher plants and animals, but also that 
of microorganisms. Paula et al. [21] demonstrated that the change from Amazonian rainforests 
to pastures would decrease the microbial functional gene richness and diversity. The recovery 
from the disturbed lands to secondary forests may make the functional gene richness and 
diversity again similar to that in the primary forests, although not totally alike. 


There are many different types of classifying ecosystem services, but a basic classification 
divides them into three main categories [22]. First, provisioning services are those related to 
goods generated by the forests that can be directly consumed: timber, food, water, fuel, 
medicinal plants, etc. Second, regulatory services are those that regulate the conditions in 
which humans inhabit the land and in which our economic activities take place: climate 
regulation, flood control, etc. Third, cultural services such as spiritual connection, recreation 
opportunities, cultural legacy, and sense of belonging are connected to ecosystems. 


3. Provisioning services 


Tropical forests maintain a high variety of plants, animals and microbes, and therefore many 
different species suitable for human consumption. In addition, to be a genetic reservoir for 
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potential food sources [23], tropical forests can provide enough food to maintain the human 
population of traditional habitants [24], reaching values up to US $18.5 per hectare and year 
[25]. Fuelwood is also the main energy source for heating and cooking of millions of people in 
tropical countries. For example, in Mexico alone, 7 million of rural people depend on tropical 
forests [26]. Timber, usually of high quality and value, is among the most valued goods 
provided by tropical forests, sometimes being also the cause of the deforestation (often illegal) 
and land use change [27]. Similarly, traditional medicine from tropical communities is also 
providing new compounds for medicines, but at the same time can also cause local extinctions 
if their harvest is not controlled [25]. 


Among other goods, water is usually given from granted, but freshwater is a very valuable 
ecosystem service that comes mainly from higher elevation ecosystems. Ponette-Gonzalez 
et al. [28] performed a meta-analysis of the effects of land use change on hydrological cycles 
of tropical high-elevation ecosystems. The types of land use change included the conversions 
from forest to grassland, agroforest to nonforest, nonforest to tree plantation, and recent 
glacier retreat. The deforestation did not lead to an expected substantial increase in down- 
stream runoff in Latin America and the Caribbean and in Hawaii. On the other hand, 
Munoz-Villers and McDonnell [29] compared the streamflow of three watersheds that 
have old-growth cloud forest, 20-year-old regenerated cloud forest, and heavily grazed 
pasture, respectively, in Mexico. The land use type of pasture produced 10% higher 
streamflow compared to the two forested catchments. Their results imply that a short period 
of 20 years of recovery from pasture to forest may be enough for the restoration of hydro- 
logical conditions. 


4. Regulation services 


Through plant-soil-atmosphere interactions, tropical forests have a major role in regulating 
atmospheric gases and therefore climate. Carbon emissions due to deforestation in the tropics 
were 810 Tg C year | between 2000 and 2005 [30], in which Brazil and Indonesia were the first 
two contributing countries with an emission rate of 340 and 105 Tg C year", respectively. Soil 
carbon loss due to land use change in the tropical area was estimated to be 79 Pg CO, during 
the past 150 years (1860-2101, averaged from three different models) [31]. 


Peat swamp forests in Southeast Asia are an important carbon stock due to their predominant 
wet soil condition. However, the need for more farmland has largely changed the peatlands 
into different agricultural uses such as rice fields and oil palm plantations. Hergoualc’h and 
Verchot [32] demonstrated a very clear change in greenhouse gases (CO, + CH, + N20) bud- 
gets when original peatlands were converted to six different land use types including 
degraded forest, croplands and shrublands, rice fields, oil palm plantation, Acacia crassicarpa 
plantation, and Sago palm plantation. On average, the undisturbed peatlands are the strongest 
CH; source, which, however, could be offset by the CO, sink strength and thus remain the 
only net greenhouse gas sink of the magnitude of -1.3 + 5.9 Mg CO,-Eq ha’ year’. The 
conversion of peatland into Acacia crassicarpa plantation turns the sink into the largest source 
of 72.0 + 12.8 Mg CO,-Eq ha‘ year". 
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Coastal mangroves in many tropical countries have been destroyed and the land been used for 
aquafarming or other purposes like harbor construction. Kauffman et al. [33] showed an 
extremely high carbon emission accompanying the conversion of mangroves to shrimp ponds 
in the Dominican Republic. The carbon stocks of mangroves ranged from 706 to 1131 Mg Cha”, 
while that in the abandoned shrimp ponds were only 95 Mg C ha™. The estimated carbon 
emission of 2244-3799 Mg CO,-Eq ha | was among the largest carbon emission due to land use 
change [33]. 


Land use change in tropical forests can also have indirect effects of the capacity of the ecosys- 
tems to regulate processes in water ecosystems. For example, land use change in a tropical 
watershed could change the decomposition rate of organic matter in tropical rivers [34]. 


Tropical forests also mitigate extreme weather. Structural complexity [35], together with other 
factors such as microtopography and soil features, modulates the impacts of extreme events 
[36]. In a model simulation of the precipitation regime under combined factors of land use 
change (transformation of rain forests to pasture) and different levels of soil water availability 
in the Amazonian rain forests, Bagley et al. [37] showed a clear reduction in precipitation and 
increase in drought degree under deforestation scenarios. 


Tropical forests can also regulate air quality. Changes in air quality and atmospheric chemistry 
often arise when land use type has changed because the land-atmosphere fluxes of material 
and energy are to a certain extent vegetation-specific processes (e.g., see [38]). For example, 
isoprene is a biogenic volatile organic compound that emits naturally from forest vegetation. 
By deforestation, the emission of isoprene will decrease and the subsequent photochemical 
process of ozone formation will also decrease, leading to a decreased ozone deposition in the 
Amazonian rainforests [39]. On the other hand, the agricultural use of the deforested area has 
been shown to emit more NO, to the atmosphere, mostly due to the higher N-fertilizer 
application. 


In some tropical region, slash-and-burn is still a predominant method to create farmland [40]. 
The emissions from fires and smokes often cause regional problems of air quality. Marlier et al. 
[41] pointed out an important finding that ca. 80% of 2005-2009 fire emissions from Sumatra 
were related to degradation or land use maintenance. The fire emissions from land use con- 
version thus may have longer-term effect on the air quality. 


5. Trade-off between different ecosystem services 


Land use change may result in the increase in some ecosystem services but at the same time 
the reduction in other services. Such trade-offs always occur when management practices are 
oriented towards the production or use of a given ecosystem service, without taking into 
account the consequences for other services [23]. For example, the more forest that is 
transformed, services provided by plant-dominated ecosystems such as farmlands or pas- 
ture lands increase, with the production of agricultural and pastoral goods being increased, 
whereas the services provided by the tree-dominated forests decline. For example, Leh et al. 
[42] used InVEST model (Integrated Valuation of Ecosystem Services and Tradeoffs) to 
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quantify the spatial pattern of ecosystem services including biodiversity, surface water yield, 
carbon storage, sediment retention, nitrogen retention, and phosphorous retention in the 
tropical African countries Ghana and Cote d’Ivoire. The land use scenarios from 2000 to 
2005 and 2009 were used to analyze the change in those ecosystem services. By employing 
this tool, it is possible to quantitatively understand the change in ecosystem services at 
different spatial scales and thus makes the planning of land use strategy possible. The results 
of Leh et al.’s work emphasize the great challenges that we face to maintain ecosystem 
services provided by tropical forests, while land use change processes are becoming increas- 
ingly more important. 


Another example of these complex trade-offs is the effect of land use change on freshwater 
availability when transforming tropical forests into other type of ecosystem. In theory, grasses 
and shrubs use less water than trees, having therefore lower evapotranspiration rates (Oliveira 
et al. this volume). This could lead to higher runoff and increased provision of water down- 
stream [23]. However, clearing tropical forests also reduces infiltration rates, increasing ero- 
sion, soil evaporation, and runoff, which in turn can lead to reduction in water quality and 
decrease in water recharge rates (see above). The importance of trade-offs also appears when 
considering that ecosystem services also depend on the users: different stake holders value 
different services in different ways, and therefore, it is difficult to objectively determine 
whether a land use change is diminishing or increasing the provisioning of ecosystem services. 
It would depend on who is asked [23]. 


6. Final considerations 


Tropical forests offer services of provision, regulation, and culture that are fundamental for the 
well-being of the societies that inhabit them, and for extension of all the Earth’s inhabitants. 
The large extension and important biodiversity of these forests contribute to offer critical 
services for our society, which are being constantly modified by the management decisions 
that are part of the dynamics of human society. Food demand is one of the sectors that are 
related to flood control and climate regulation that tropical forests provide to a large section 
and the whole humanity, respectively. Management interventions such as forest restoration or 
payments for ecosystem services can help to recover or maintain ecosystem services that 
tropical forests offer. 


Considering all the things, maintaining ecosystem services provided by tropical forests in the 
face of increasing land use change is a truly challenging task. Such task must start by under- 
standing the components that make each tropical forest unique and how those components are 
linked and interact to create the ecological processes that maintain (and are maintained by) 
tropical forests. Then, understanding how human activities (economic, cultural, etc.) are 
dependent on such processes is the necessary step to analyze, and take decisions about, the 
consequences of land use change on the ecosystem services provided by tropical forests. It is 
time to address this challenge. 


Introductory Chapter: Land Use Change Ecosystem Services and Tropical Forests 
http://dx.doi.org/10.5772/65840 


Author details 


Shih-Chieh Chang”, Juan A. Blanco'* and Yueh-Hsin Lo! 


* Address all correspondence to: juan.blanco@unavarra.es 


1 Department of Environmental Sciences, Public University of Navarre, Navarre, Spain 


2 Department of Natural Resources and Environment Studies, National Dong Hwua 
University, Taiwan 


References 


[1] 


[2] 


[3] 


[11] 


Foley J.A., DeFries R., Asner G.P., Barford C., Bonan G., et al. 2005. Global consequences 
of land use. Science 309, 570-474. 


Vorosmarty C.J., Green P., Salisbury J., Lammers R.B. 2000. Global water resources: 
vulnerability from climate change and population growth. Science 289, 284-288. 


Food and Agriculture Organization. 2016. FAOSTAT Forestry Database (2004); http:// 
faostat.fao.org. 


Fang J., Chen A., Peng C., Zhao S., Ci L. 2001. Changes in forest biomass carbon storage 
in China between 1949 and 1998. Science 292, 2320-2322. 


Kirilenko A.P., Sedjo R.A. 2007. Climate change impacts on forestry. PNAS 104, 19697— 
19702. 


Hansen M.C., Potapov P.V., Moore R., Hancher M, et al. 2013. High-resolution global 
maps of 12st-century forest cover change. Science 342, 850-853. 


Drummond M., Loveland T. 2010. Land-use pressure and a transition to forest-cover loss 
in the Eastern United States. Bioscience 60, 286-298. 


Lewis S.L., Edwards D.P., Galbraith D. 2015. Increasing human dominance of tropical 
forests. Science 349, 827-832. 


Laurance W.F., Sayer J., Cassman K.G. 2014. Agricultural expansion and its impacts on 
tropical nature. Trends Ecol Evol 29, 107-116. 


Runting R.K., Bryan B.A., Dee L.E., Maseyk FJ.F., et al. 2016. Incorporating climate 
change into ecosystem service assessments and decisions: a review. Glob Change Biol. In 
press. doi:10.1111/gcb.13457 


Nepstad D.C., Verssimo A., Alencar A., Nobre C., Lima E., et al. 1999. Large-scale 
impoverishment of Amazonian forests by logging and fire. Nature 398, 505-508. 


8 Tropical Forests - The Challenges of Maintaining Ecosystem Services while Managing the Landscape 


[12] 


[13] 


[14] 


[15] 


[16] 


[17] 


[18] 


[19] 


[20] 


[21] 


[22] 


[23] 


[24] 


[25] 


Pretzsch H., Biber P., Schütze G., Uhl E., Rotzer T. 2014. Forest stand growth dynamics in 
Central Europe have accelerated since 1870. Nat Commun 5, 4967. 


Lo Y.H., Blanco J.A., Canals R.M., Gonzalez de Andrés E., et al. 2015. Land use change 
effects on carbon and nitrogen stocks in the Pyrenees during the last 150 years: a model- 
ling approach. Ecol Model 312, 322-334. 


Butchart S.H.M., Walpole M., Collen B., et al. 2010. Global biodiversity: indicators of 
recent declines. Science 328, 1164-1168. 


Newbold T., Hudson L.N., Arnell A.P., Contu S., et al. 2016. Has land use pushed terrestrial 
biodiversity beyond the planetary boundary? A global assessment. Science 353, 288-291. 


Haddad N.M., Brudvig L.A., Clobert J., et al. 2015. Habitat fragmentation and its lasting 
impact on Earth’s ecosystems. Sci Adv 1, e1500052. 


Chaplin-Kramer R., Sharp R.P., Mandle L., et al. 2015. Spatial patterns of agricultural 
expansion determine impacts on biodiversity and carbon storage. Proc Nat Acad Sci 112, 
7402-7407. 


Bregman T.P., Sekercioglu C.H., Tobias J.A. 2014. Global patterns and predictors of bird 
species responses to forest fragmentation: implications for ecosystem function and con- 
servation. Biol Conserv 169, 372-383. 


Barnes A.D., Jochum M., Mumme S., Haneda N.F., Farajallah A., Widarto T.H., Brose U. 
2014. Consequences of tropical land use for multitrophic biodiversity and ecosystem 
functioning. Nat Commun 5, 5351. 


Edwards F.A., Edwards D.P., Larsen T.H., et al. 2014. Does logging and forest conversion 
to oil palm agriculture alter functional diversity in a biodiversity hotspot? Anim Conserv 
17, 163-173. 


Paula F.S., Rodrigues J.L.M., Zhou J., Wu L., et al. 2014. Land use change alters functional 
gene diversity, composition and abundance in Amazon forest soil microbial communi- 
ties. Mol Ecol 23, 2988-2999. 


MEA. 2003. Ecosystems and Human Well-being: A Framework for Assessment. Millen- 
nium Ecosystem Assessment. Island Press, Washington, D.C., USA. 


Maass J.M., Balvanera P., Castillo A., Daily G.C., et al. 2005. Ecosystem services of tropical 
dry forests: insights from long-term ecological and social research on the Pacific Coast of 
Mexico. Ecol Soc 10(1), 17. [online] URL: http://www.ecologyandsociety.org/vol10/iss1/ 
art17/ 


Naidoo R., Ricketts T.H. 2006. Mapping the economic costs and benefits of conservation. 
PLoS Biol 4, e360. 


Balvanera P. 2012. Ecosystem services that tropical forests offer (in Spanish). Ecosistemas 
21(1-2), 136-147. 


[26] 


[27] 


[28] 


[29] 


[30] 


[31] 


[32] 


[33] 


[34] 


[35] 


[36] 


[37] 


[38] 


[39] 


Introductory Chapter: Land Use Change Ecosystem Services and Tropical Forests 
http://dx.doi.org/10.5772/65840 


Masera O.R., Guerrero G., Ghilardi A., Velasquez A., Mas J.F., Ordonez M.J., Drigo R. 
2005. Multiscale Analysis of Fuelwood 'Hot Spots' Using the Wisdom Approach: A Case 
Study for Mexico. FAO, Rome, Italy. 


González J.A. 2003. Harvesting, local trade, and conservation of parrots in the Northeast- 
ern Peruvian Amazon. Biol Conserv 114, 437—446. 


Ponette-González A.G., Marin-Spiotta E., Brauman K.A., et al. 2013. Hydrologic connec- 
tivity in the high-elevation tropics: heterogeneous responses to land change. BioScience 
64, 92-104. 


Muñoz-Villers L.E., McDonnell J.J. 2013. Land use change effects on runoff generation in 
a humid tropical montane cloud forest region. Hydrol Earth Syst Sci 17, 3543-3560. 


Harris N.L., Brown S., Hagen S.C., Saatchi S.S., et al. 2012. Baseline map of carbon 
emissions from deforestation in tropical regions. Science 336, 1573-1576. 


Smith P., House J.I., Bustamante M., Sobocka J., et al. 2016. Global change pressures on 
soils from land use and management. Glob Change Biol 22, 1008-1028. 


Hergoualc’h K., Verchot L.V. 2014. Greenhouse gas emission factors for land use and 
land-use change in Southeast Asian peatlands. Mitig Adapt Strategies Glob Change, 19, 
789-807. 


Kauffman J.B., Heider C., Norfolk J., Payton F. 2014. Carbon stocks of intact mangroves 
and carbon emissions arising from their conversion in the Dominican Republic. Ecol Appl 
24, 518-527. 


Silva-Junior E.F., Moulton T.P., Boéchat I.G., Giicker B. 2014. Leaf decomposition and 
ecosystem metabolism as functional indicators of land use impacts on tropical streams. 
Ecol Indic 36, 195-204. 


Diaz S., Fargione J., Chapin F., Tilman D. 2006. Biodiversity loss threatens human well- 
being. PLoS Biol 4, 1300-1305. 


Emmanay D., Conte M., Brooks K., Nieber J., Sharma M., Wolny S. 2011. Valuing land 
cover impact on storm peak mitigation. In: Kareiva P., Tallis H., Ricketts T.H., Daily G.C., 
Polasky S. (eds.). Natural Capital. Theory and Practice of Mapping Ecosystem Services. 
Oxford University Press Inc., N.Y., USA, pp. 73-88. 


Bagley J.E., Desai A.R., Harding K.J., Snyder P.K., Foley J.A. 2014. Drought and defores- 
tation: has land cover change influenced recent precipitation extremes in the Amazon? J 
Clim 27, 345-361. 


Heald C.L., Spracklen D.V. 2015. Land use change impacts on air quality and climate. 
Chem Rev 115, 4476-4496. 


Ganzeveld L., Lelieveld J. 2004. Impact of Amazonian deforestation on atmospheric 
chemistry. Geophys Res Lett 31, L06105. 


10 Tropical Forests - The Challenges of Maintaining Ecosystem Services while Managing the Landscape 


[40] 


[41] 


[42] 


van Vliet N., Mertz O., Heinimann A., Langanke T., Pascual U., et al. 2012. Trends, drivers 
and impacts of changes in swidden cultivation in tropical forest-agriculture frontiers: a 
global assessment. Glob Environ Change 22, 418-429. 


Marlier M.E., DeFries R., Pennington D., Nelson E., et al. 2015. Future fire emissions 
associated with projected land use change in Sumatra. Global Change Biol 21, 345-362. 


Leh M.D.K., Matlock M.D., Cummings E.C., Nalley L.L. 2013. Quantifying and mapping 
multiple ecosystem services change in West Africa. Agric Ecosyst Environ 165, 6-18. 


